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Abstract
An analytic expression for the spin susceptibility in the superconducting state is derived taking into account strong
correlation eﬀects and the temperature dependence of the transverse nuclear spin–spin relaxation rates is calculated for
both s- and d-wave pairing symmetries.
 2004 Elsevier B.V. All rights reserved.
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Up to now calculations of the spin susceptibility for
layered cuprates were performed in the frame of weak-
coupling approximations. It is known, however, that
cuprates belong to Mott–Hubbard doped materials
where electron correlation eﬀects are very important.
Therefore investigations of the inﬂuence of these corre-
lation eﬀects on the spin susceptibility are very topical.
For the normal state, correlation eﬀects have been
studied by Hubbard and Jain [1] and by one of us [2]. In
this work we report the analytic expression for the spin
susceptibility below TC which results for a particular
model system that is closely related to models based on
the idea of the formation of copper–oxygen singlets in
layered cuprates [3,4].
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where the bare kinetic energy
tk ¼ 2t1ðcos kx þ cos kyÞ þ 4t2 cos kx cos ky
þ 2t3ðcos 2kx þ cos 2kyÞ þ   
accounts for hopping between nearest ðt1Þ and further
neighbors. Jij is the superexchange coupling parameter
of copper spins, Gij is the Coulomb repulsion between
doped holes di and ni ¼ 1 di. The last term takes into
account an external magnetic ﬁeld. The wpd;rk ðwr;pdk Þ are
composite copper–oxygen creation (annihilation) oper-
ators of copper–oxygen singlet states in the plane. We
emphasize that, in contrast to conventional weak-cou-
pling approaches, the anticommutator wpd;"i w
";pd
i þ
w";pdi w
pd;"
i ¼ P þ hszi i depends on the doping level di and
magnetization hszi. A more detailed discussion of this
aspect can be found in Ref. [4]. Here we just note that
the quantity P is about ð1þ dÞ=2 near optimal doping.
Since the commutator algebra is diﬀerent from that valid
in the weak-coupling conventional Fermi liquid sce-
nario, the general expression for the susceptibility is
quite diﬀerent from the standard Pauli–Lindhard for-
mula. It is given by
vðx; qÞ ¼ v0ðx; qÞJq
2
v0ðx; qÞ þ P1ðx; qÞ
ð1Þ
where
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